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NOTICES 



Japan Patent office is not responsible for anydamages caused by the use of this 

l^This^ocument has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. in the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[industrial Application] in image information recording devices, such as a copying 
machine, a printer, and facsimile, this invention looks^likej ™e B so-called heating 
roller type fixing equ*" 
nip method fixing equi| 
pressure-welding equipment 
and is related 

[° 002 ] . . ^- - • u • a ■ 

[Description of the Prior Art] as conventional fixing equipment, as shown in drawing 



, and facsimile, this invention looks like L tne so-cauea neaxir 
equipment which carries out contact heating fixing and the belt 
equipment which especially consists of a heating roller and belt 
luipment ] the non-established toner image in the record paper, 



1 , the" so-called heating pressure-roll type fixing equipment established by making 
the pressure-welding field during the roll with which the couple was heated pass a 
non-established toner image is used abundantly (this is called roll nip method 
below), in drawing 1 , 1 is a fixing roll and 2 is a pressure roll. The enveloping 
layer 4 of the Teflon (trademark of Du Pont) which has thermal resistance and a 
mold- release characteristic is formed in the front face of the hollow roll 3 of a 
metal with high thermal conductivity, such as aluminum, the halogen lamp 5 is 
arranged as a source of heating inside the hollow roll 3, and the fixing roll 1 
carries out on-off control of the halogen lamp 5 in the temperature-control circuit 
which is not illustrated with the signal of a temperature sensor 6 formed in the 
fixing roll front face, and is adjusted to a certain constant temperature, moreover, 
the time of fixing — a part of non-established toner 8 on the recording paper 7 -- 
the fixing roll 1 -- transferring (henceforth offset) -- in order to prevent, it is 
prepared in the oil feeder 9 which supplies the silicone oil of a constant rate to 
the fixing roll 1 . 
[0003] On the other hand, as for a pressure roll 2, the comparatively thick 
heat-resistant elastic bodies 11, such as silicone rubber, are covered by the 
rodding roll 10. The pressure-welding section of rolls 1 and 2 is formed of the 
elastic deformation of this elastic body 11 (this is called nip below). This nip 
field is made to pass a non-established toner image, and it is established by 
operation of a pressure and heat energy, since the recording paper 7 which passed 
the nip coils around the fixing roll 1 for the adhesiveness of a toner, the ablation 
presser foot stitch tongue 12 for removing it is formed. 

[0004] however, when it is going to fix to high speed more using the aforementioned 
fixing method, it is the same as a toner and paper -- you have to give the heat 
energy and the pressure of ** For that purpose, it is necessary to make nip width of 
face large in proportion to fixing speed. The method of enlarging the load during 
both rolls or the method of thickening thickness of an elastic body, and the method 
of enlarging the diameter of a roll are to make nip width of face large. 
[0005] By the method of enlarging a load, or the method of enlarging thickness of an 
elastic oody, since it becomes uneven or the fixing mark and a paper wrinkling occur 
[ the configuration of the nip width of face resulting from bending of a roll ] 
along with roll axis, there is a limitation in a load and elastic body thickness 
naturally. Moreover, the method of enlarging the diameter of a roll has the trouble 
that time (henceforth a worm uptime) until equipment becomes large-sized and it 
raises a roll from a room temperature to the temperature which can be established 
will become long, although there is no trouble on the above quality. 
[0006] Since these troubles are solved and it enables it to correspond to 
improvement in the speed more, the method using the belt as shown in drawing 2 
indicated by DP, 61-132972 , A is proposed. (This method is called belt nip method 
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below) . The belt nip method shown in drawing 2 is equipped with the fixing roll 1 
which contacts the endless belt 15 laid possible [ rotation ] by the support rolls 
13 and 14 which are plurality (here two), and this endless belt 15, and forms a belt 
nip. The paper 7 in which the non-established toner image 8 was formed between the 
belt nips of the fixing roll 1 and an endless belt 15 passes, and it is established 
with the pressure and neat energy between belt nips at this time. After belt nip 
passage, paper is removed by the ablation presser foot stitch tongue 12, and is 
discharged by the exterior of fixing equipment. Since the width of face of the belt 
nip of an endless belt 15 and the fixing roll 1 can take greatly easily by making it 
such composition rather than the nip width of face by the conventional roll mp 
method, high speed correspondence is attained. Moreover, when it compares at the 
same fixing speed, a miniaturization is attained from the fixing roll of a roll nip 
method. 

[Problem(s) to be Solved by the invention] However, the ablation presser foot stitch 
tongue 12 for exfoliating paper is required of the above fixing equipments of a belt 
nip method behind a belt nip. The recording paper in which the toner picture 
appeared will coil after a belt nip outlet to the position of the ablation presser 
foot stitch tongue 12, and will exfoliate compulsorily there. If the nose of cam of 
the recording paper is exfoliated by the ablation presser foot stitch tongue 12, 
since back paper will separate automatically with the nerve of paper from it, usual 
picture, for example, (nonochrome picture, ablation of the recording paper is not so 
difficult. _ . 

[0008] However, since the paper of the back does not separate easily from a fixing 
roll even if it exfoliates the nose of cam of paper by the ablation presser foot 
stitch tongue 12, when melting and the color picture fixed [ which is fixed and 
colors by carrying out color mixture ] are fully established so that it may become 
the target color about the recording paper in which the toner of three colors 
(cyanogen, a Magenta, yellow) appeared so much, a picture will always be rubbed by 
the ablation presser foot stitch tongue 12. since the toner image when being rubbed 
by the ablation presser foot stitch tongue 12 is still in a melting state, a picture 
will get damaged and will become what cannot bear use. This is not fundamental 
solution although thickness of paper is thick, that is, the waist of paper is 
strong, and this problem will not arise if it limits only to the paper which cannot 
coil around a fixing roll easily, in order to prevent this. 
[0009] Moreover, in the conventional belt nip method, it was that to which the 
phenomenon of the approach of a belt, flapping of a belt, and the wrinkling of the 
recording paper tends to happen. According to the ununiformity of a belt 
circumference, the imbalance of right and left of a contact pressure with a fixing 
roll, etc., the front-face nature of the cylindricity of the roll with which the 
belt nip method is laying the belt and the ununiformity of the parallelism during a 
roll, and a further will shift crosswise, and will move. Therefore, a means to stop 
the movement of the cross direction of a belt within a certain amount of limits is 
required. 

[0010] in order to solve this problem conventionally, the approach of a belt was < 
controlled by detecting optically, mechanically, and electrically the movement of 
the cross direction of a belt, i.e., the approach of a belt, considering any one 
roll as a displacement roll among two or more rolls currently laid [ firmly ] across 
a belt, and making the shaft of both roll cross by considering others as a fixed 
roll. However, if a displacement roll is moved and the shaft is made to intersect 
the shaft of other fixed rolls, flapping will occur to a balance calyx gap of the 
tension of a belt, and a belt. Like especially this invention, when the belt was in 
contact with the hot fixing roll, the stress by heat became large and there were a 
wrinkling of a belt and a trouble that the phenomenon of breakage occurred. 
[0011] The 1st purpose of this invention is offering the fixing equipment which 
solves the trouble of the picture injury at the time of ablation. The 2nd purpose of 
this invention is offering the fixing equipment of a new belt nip method applicable 
not only to monochrome picture but a color copying machine. The 3rd purpose of this 
invention has the thin thickness of paper in which a lot of toners appeared, and 




can exfoliate without using no ablation equipment at the outlet of a belt nip. 
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[0012] The 4th purpose of this invention is attaining the stable belt run and the 
reinforcement of a belt while offering the fixing equipment of the belt nip method 
which the approach of a belt, flapping of a belt, and the wrinkling of the recording 
paper do not produce. Furthermore, the 5th purpose of this invention is 9ffermg the 
fixing equipment of the belt nip method which can guarantee the stable picture which 
does not have a picture gap to various forms also to continuous-running conditions 
also to high-speed conditions. 

[Seans for Solving the Problem] in the heat fixing forging- roll -die fixing equipment 
which is established in the non-established toner image on imprint material 
according to this invention 0.5mm The heat-resistant belt laid with the heat fixing 
roll with which the above elastic body was covered, and two or more support rolls is 
prepared. Only a predetermined angle twists a heat-resistant belt around the 
surroundings of a fixing roll so that a nip may be formed between this 
heat-resistant belt and the aforementioned fixing roll. The fixing equipment 
characterized by making the elastic body of the aforementioned heat fixing roll 
produce distortion is offered by arranging a pressure roll in the aforementioned 
heat-resistant belt inside at the outlet of the aforementioned nip, and carrying out 
the pressure welding of this pressure roll to the aforementioned heat fixing roll 
through a ****** heatproof belt. . jm 

[0014] The amount epsilon of distortion of the ci rcumferencial direction or the 
elastic body of the aforementioned heat fixing roll may satisfy epsilon>=0. 5% of 
relational expression. The aforementioned heat-resistant belt may be laid with at 
least three or more support rolls, the support roll of the others [ one / of. the 
support rolls of these J in a displacement roll may be constituted with a fixed 
roll, and this displacement roll may be constituted so that the roll axis of other 
fixed rolls may be intersected in the position of roll axis and it can move. 
[0015] The medial axis of the aforementioned displacement roll may be constituted so 
that the medial axis of the two aforementioned fixed rolls located in the upstream 
and downstream near this displacement roll to the hand of cut of the aforementioned 
heat-resistant belt may be displaced along with ellipse tracing used as a focus. The 
aforementioned heat fixing roll may be constituted so that the heat-resistant belt 
and nip which were laid between two fixed rolls may be formed. 

[0016] in the upstream of the aforementioned pressure roll of the nip field of the 
aforementioned heat fixing roll and a heat-resistant belt, you may form the elastic 
body roll which carries out a pressure welding to a heat fixing roll through this 
heat-resistant belt from the heat-resistant belt inside. Furthermore, according to 
this invention, the pressure welding of the heat-resistant belt laid with a heat 
fixing roll and two or more support rolls is carried out, a nip is formed, and the 
fixing equipment characterized by arranging the temperature sensor which detects the 
skin temperature of a heat fixing roll inside [ heat-resistant belt ] the 
aforementioned nip field is offered in the fixing equipment established in this nip 
field. 

[0017] in order that fixing of a color picture may color a multilayer 
non-established toner image in the target color, considering that a lot of heat must 
be given to a toner, the belt nip method which can form a broad nip is suitable. The 
artificer discovered the following phenomena, while studying the method of carrying 
out self stripping also of the thin paper, i.e., the method of decreasing the 
adhesion force of a fixing roll and a melting toner. 

[0018] It is the fact that the adhesion force of the interface of a melting toner 
and a fixing roll front face is greatly influenced by the fixing roll front face of 
distortion, without being decided only by both surface chemistry material 
physical -properties value. That is, when the surface distortion moves from the state 
where the melting toner touches the front face of the fixing roll which has surface 
distortion beforehand to the state where it is released momentarily, it is the 
phenomenon in which the adhesion force of a toner and a fixing roll front face 
decreases. 

[0019] When heat-resistant elastic bodies, such as the material from which the front 
face of a fixing roll can carry out elastic deformation comparatively easily, and 
can specifically produce distortion according to the load from outside, for example, 
silicone rubber, and a fluororubber, are covered, it sets near the nip outlet. It is 
established, while the hard roll of a minor diameter carries out a pressure welding 
and receives distortion, and I hear that the adhesion force of the moment the 
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distortion makes it release at a nip outlet, a toner, and a fixing roll front face 
is reduced rapidly, and it is tended self stripping that it is earned out, and 
there is. This fact is proved still more clearly by the following model experiment. 
<Model experiment Here, the adhesion force of a toner and a roll clarifies the fact 
of being influenced by the fixing roll front face of distortion, by the model 
experiment. , , . , . . . , , - . 

[0020] The fixing roll A (soft roll) covered by the thickness whose elastic body (Si 
rubber) is 2.0mm, and the fixing roll B (hard roll) with which 50 micrometers of 
Teflons were covered are adjusted to the temperature of 130 ** by each. 3. Force on 
the aforementioned fixing roll front face the toner side of the recording paper with 
which the color toner image of the amount of 0 mg/cm2 was imprinted for 10 seconds 
by pressure XKg/cm2. After that 500 mm/sec A toner and a roll interface are rapidly 
torn off at speed. A load required to tear off at this time is recorded through a 
load exchanger. The outline of an adhesion force detector and its equipment is shown 
in drawing 3 . As for a load transfer rod and 18, the portion on which 16 pastes up 
the tooth back of the recording paper 7, and 17 are [ a load transducer and 19 J 
recorders. The result obtained by such model experiment is shown in drawing 4 . 
[0021] The force pulled apart, so that the load to force becomes large, when it is 
the fixing roll A with which the elastic body was covered by this becomes small, and 
a bird clapper understands at zero the force pulled apart above a certain load. 
However, with the fixing roll B (hard roll), it is hardly influenced of the load 
forced beforehand, but the force to pull apart is always fixed. The force to pull 
apart is equivalent to the adhesion force of the interface of a toner and a roll, in 
an elastic body roll (fixing roll A), adhesion force reduces adhesion force with 
increase of the forcing load of a toner, without being decided only a toner and 
qualitatively of roll facing. Although the mechanism of the adhesion force reduction 
by this forcing load increase is not understood clearly, artificers think as follows 

[0022] If a pressure is applied, a front face will transform the soft roll with 
which the elastic body was covered, and after distortion has arisen, it is in 
contact with the toner. If a pressure is suddenly removed from this distortion 
state, distortion will be released and it will return to the original state. At this 
time, a micro slip is produced in the interface of a toner and a roll. It is the 
hypothesis that existence of this micro slip is the reduction effect of adhesion 
force, with the hard roll which does not deform a front face like the fixing roll B, 
since distortion does not arise, a micro slip cannot exist. For this reason, the 
adhesion force reduction effect does not show up. this invention applies this idea 
to a belt nip method. 

[0023] Furthermore, in order to solve the 5th purpose of the above, according to 
this invention, the non-established toner image on imprint material is set to the 
established heat fixing forging- roll -die fixing equipment. 0.5mm The heat-resistant 
endless belt laid with the heat fixing roll with which the above elastic body was 
covered, and two or more support rolls is prepared. Only a predetermined angle 
twists an endless belt around the surroundings of a fixing roll so that a nip may be 
formed between this endless belt and the aforementioned fixing roll. By arranging a 
pressure roll in the aforementioned endless-belt inside at the outlet of the 
aforementioned nip, and carrying out the pressure welding of this pressure roll to 
the aforementioned heat fixing roll through the aforementioned belt It is made to 
make the elastic body of the aforementioned heat fixing roll produce distortion, the 
aforementioned fixing roll is driven, and the fixing equipment characterized by 
considering an endless belt as a follower is offered. 

[0024] This invention persons found out improving a trouble sharply by improving the 
following three points, as a result of making a research effort wholeheartedly for 
realization of fixing equipment without a picture gap. conventionally, although one 
of the improving point of the was driving the drive system by the roll group which 
lays a belt, it can obtain the quality of image by which the direction which adopted 
the method which carries out the direct drive of the fixing roll was stabilized 
most. 

[0025] namely, the method of driving ** fixing roll as a method of driving the whole 
fixing equipment, the method of driving ** endless, and ** -- although three of 
methods which drives both can be considered, the quality of image stabilized most is 
obtained by the method which drives the fixing roll of ** among these methods The 
2nd of improving points is to have specified the front-face nature of an endless 
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belt. That is, conventionally, as an endless-belt material, although the polyimide 
film of 75-micrometer ** and the Teflon film containing strengthening study fiber 
were used, it became clear that a picture gap has many which have still smaller 
coefficient of friction with a form as a surface characteristic. As for a 
coefficient of static friction mu, according to it, 0.30 or less are [0.40 or less 
] more preferably effective to a picture gap. This slides a form rear face and an 
endless-belt side intentionally, and it is made not to produce a skid in a form 
front-face side with a fixing roll and toner fine particles. (As for the coefficient 
of static friction of a fixing roll and paper, 0.8 or more are desirable.) 
viscosity [ in / the 25 degrees C / it is expressed with the following general 
formula (1) which was excellent in especially wettability to the endless belt made 
from a polyimide although the 3rd of improving points was using conventionally the 
silicone oil which consists of di methyl polysiloxane as a release agent supplied to a 
fixing roll, and ] is 10-100, OOOcs . it is effective to use the amino denaturation 
silicone oil which has an amino group. 
[0026] 

[Equation 2] 

[0027] The inside of [, however a formula and A are -R'-x (are here and R 1 shows the 
alkylene machine of carbon numbers 1-8). x -NH2 Or -NH(CH2)2NH2 being shown — it 
expresses — having — b And c] <BR> which is 0< b<=10 and 10<=c<=1000, respectively 
— this reason Although it does not understand clearly, to imido combination of the 
polyimide film which is a base film, the amino group in an amino conversion silicone 
oil works effectively, and it is considered because the wettability of the oil of a 
polyimide film plane is improved. That is, by applying the amino denaturation 
silicone oil supplied to a polyimide film front face by being transmitted in a 
fixing roll front face, the skid of a form rear face and an endless belt is 
enlarged, and a picture gap is prevented. 

[0028] It is -(CH2)3NH2 as A preferably among the amino denaturation silicone oils 
to be used. Or -(CH2)3nh(CH2)2nh2 Are suitable, b as the concentration and c 
preferably, respectively 0.01< b<l and 50<=c<=300 — more -- desirable — 
0.02<=b<=0.5 And 100<=c<=200 The oil of 100 - 400 cs is preferably [ as viscosity of 
oil ] suitable more preferably 50 to 1000 cs. 

[0029] Moreover, when it was said that a double-sided copy is taken as copy mode 
when this amino denaturation silicone oil is used especially, it became clear not to 
degrade the toner image established at once, on the other hand, when dimethyl oil 
was used and a double-sided copy was taken, the toner picture established at once 
might have become coarse. It seems that these differences are influenced to the 
surface mold-release characteristic by the difference in the compatibility which a 
functional group brings about. 

[0030] These three improving points are matters which are uniquely effective, 
respectively, and the trouble of a picture gap is minimum-ized by using together. 
Moreover, the thought common to these three improving points aims at the incongruent 
dissolution of the fixing roll surface speed which was made to produce a skid 
intentionally rather between the rear face of a form, and the upper surface of an 
endless belt in order to prevent a picture gap, and produced distortion, and the 
surface speed of an endless belt. 
[0031] 

[Example] Drawing 5 shows one example of the belt nip method for attaining this 
invention. 

It becomes a prerequisite to use the so-called soft roll with which the elastic body 
was covered by the front face of a metal core as a <example 1> fixing roll. The 
endless belt laid by the fixing roll (soft roll) with two or more rolls is 
contacted, a belt nip is formed, and the pressure welding of the pressure roll is 
carried out to a fixing roll through a belt at the nip outlet. At this time, elastic 
deformation of the front face of a fixing roll is carried out, and distortion is 

?iven to the front face. This pressure roll has the function to make a fixing roll 
ront face produce distortion. It is more desirable for the front face of a pressure 
roll to be hard in a minor diameter from a fixing roll, in order to give distortion 
of a fixing roll efficiently by the low load. 

[0032] this invention is explained in more detail using an example 1. The fixing 
equipment used in the example 1 is shown in drawing 5 . It was covered with the 
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thickness whose HTV silicone rubber (45 rubber degrees of hardness) is 2mm as a 
ground layer 20 by the hollow roll 3 which changes with an aluminum cylinder with an 
outer diameter [ of 46mm ], and a bore of 40mm, and the fixing roll 1 is 50 
micrometers about silicon RTV rubber as a topcoat layer 21 to the front face 
further. A dip coat is carried out to thickness and the front face near a t 
mirror-plane state is made. As a source of heating, the halogen lamp 5 of 400W is 
formed in the interior, and the front face of the fixing roll lis adjusted by 150 
** by the temperature controller (not shown) through a temperature sensor 6. 
Moreover, it is dimethyl silicone oil viscosity 300cs (product made from 
KS-96:Shin-etsu chemistry) as a release agent, it is uniformly supplied by the oil 
distribution system 9. On the other hand, an endless belt 15 is the thickness of 75 
micrometers. 300mm and circumference of 288mm it is a POIRIMIDO film and is laid by 
the tension of 10kg with four rolls 22, 23, 24, and 25 made from stainless steel. 
Each diameter is 22, 20, and 20 or 18mm. The roll 25 (pressure roll) with a diameter 
of 18mm is energized toward the center of the fixing roll 1 by the compression coil 
spring 26 as a pressurization means, and is sticking the belt 15 to the fixing roll 
1 by pressure. The belt contact angle to the fixing roll 1 is 45 degrees, and the 
width of face of a belt nip is set to 19.6mm at this time. Since, as for the outlet 
of a belt nip, the pressure roll 25 is stuck by pressure through the belt, the 
elastic body of a fixing roll deforms and distortion generates it in the front face. 
The driving force from a motor 27 is transmitted to the drive roll 22 with a 
diameter of 22mm, and a belt and a fixing roll are 250 mm/sec to the direction of an 
arrow 28. Follower rotation is carried out at speed. 

[0033] Color toners are 3.0 mg/cm2 on the paper of various weights (thickness) to 
this fixing equipment. The result which investigated self stripping nature [ in / 
through and a nip outlet / for the non-established toner image imprinted by density 
] is shown in drawing 6 . Feed-direction A of paper is the case where it sends so 
that the fiber of paper may become a fixing roll and parallel, in this drawing, and 
feed-direction B is a perpendicular case. The case of feed-direction A is in the 
inclination which self stripping cannot carry out easily with the thickness of paper 
with it on the structure of paper. [ the weak waist of paper, and ] [ same ] the 
pressure roll load is increased from the above data -- it is alike, and it follows 
and a bird clapper also understands paper with a small (thickness of paper -- thin) 
weight as self stripping being possible 

<Example 1 of comparison> The case where a fixing roll is a hard roll here is 
described. It investigated about the self stripping nature at the time of changing 
only a fixing roll into the fixing roll B (hard roll) with which 50 micrometers of 
Teflons were coated from the fixing roll A of silicon (soft roll) on the same 
conditions as an example 1. consequently, as shown in drawing 7 , in all pressure 
roll loads, self stripping was impossible. 

The surface distortion of the elastic body roll in the load measurement of 
distortion> Existing can be surveyed as follows, when a pressure welding is carried 
out under the load which generally has a hard roll and a soft roll, elastic 
deformation of the soft roll front face is carried out in a nip field, and there is 
a circumferencial direction of the front face, it is distorted, and produces 
epsilon. If a roll pair is rotated in this state and the recording paper passes 
through a nip field, the recording paper will be conveyed in the nip field which 
produced distortion. For this reason, as for the length of the recording paper sent 
out by the elastic body roll 1 rotation which produced distortion, the amount of 
conveyances actually becomes large by circumferencial direction distortion epsilon 
from the length of a roll circumference. 

[0034] That is, it will be called epsilon={ (length of the recording paper sent out 
by elastic body roll 1 rotation )/(ci rcumference of elastic body roll at time of 
epsilon= 0)}-l. Survey of actual distortion epsilon is attained from this method. 
The distortion by this invention is the value of this measuring method. The load in 
an example 1 and the relation of distortion are shown in drawing 8 . This is 
distorted, the self stripping of the paper of the direction delivery of B of the 
weight of 90 g/m2 becomes possible from 0.5%, and it exfoliates most from 2.5% of 
distortion, and is ****** thin paper (55 g/m2). The self stripping of the direction 
of A becomes possible. 

[0035] The reduction effect of the adhesion force of a toner and a fixing roll 
interface by release of distortion in a nip outlet is applicable not only to a belt 
nip method but a roll nip method, in this case, the one [ equivalent to a pressure 
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roll or ] softer than it tends to produce distortion of a fixing roll, and tends [ 
that much ] to carry out self stripping of the surface hardness of a fixing roll, 
in fixing equipment equivalent to the <example 2 of comparison> example 1, a 
relation with a load is described about the self stripping nature of the method 
(that is, roll nip method) which removes belt equipment, instead prepares a pressure 
roll, and forms a nip with a fixing roll . . 
[0036] The pressure roll used here is the 50mm as a fixing roll with the same 
diameter, and, as for the front face, 50-micrometer Teflon coating is carried out. 
It is adjusted by 160 ** and the skin temperatures of both rolls are the 
non-established toner image same between roll nips as an example 120 mm/sec Through 
and the self stripping nature at that time were investigated at fixing speed. The 
result is shown in drawing 9 . Moreover, the load of this fixing equipment and the 
relation of surface distortion are shown in drawing 10 . in the case of a roll nip 
method, the self stripping of the paper of the direction delivery of B of a two or 
more 90 g/m weight becomes possible from 1.0% of distortion, it exfoliates most from 
5% of distortion, and the self stripping of the paper of the direction delivery of A 
of ****** thin paper (55 g/m2) becomes possible. A thing [ values / these / the belt 
nip method in this invention ] is shown in drawing 11 . 

[0037] A belt nip method can perform self stripping in a distortion smaller than a 
roll nip method so that it may understand from now on. Since distortion is 
momentarily given near the outlet of a belt nip by the belt nip method as this 
reason, a small distortion also has the large rate of change of distortion, and is 
considered to be easy to generate a micro slip in the part, a toner, and a fixing 
roll interface. 

[0038] Moreover, 80kg or more is required for the total load of a belt nip method to 
being 10-20kg in a roll nip method. By the belt nip method, a sharp load fall can be 
realized and, for this reason, reduction of the driving torque of the surface wear 
equipment of a fixing roll is attained. Moreover, the part roll rigidity with few 
loads is small, ends, and can attain thinning with thick diameter of a roll and roll 
core. _ rm . 

[0039] Although both rolls needed to be made to estrange and deformation of a fixing 
roll needed to be prevented by the conventional roll nip method further again at the 
time of being un-established, the need does not exist with this equipment and 
simplification of equipment is attained. Application to the fixing equipment for a 
long roll, for example, large drawings, is also attained further again. Generally, 
as for rubber, thermal conductivity acts as a heat insulator thermally small. The 
thickness of rubber has the thinner one if possible good for stabilization of the 
temperature of a fixing roll. By the conventional roll nip method, for obtaining 
latus nip width of face, thickness of the rubber of a fixing roll had to be 
thickened, and there was a limitation in the thinning of rubber. However, since a 
nip is formed with a belt, it is not necessary to thicken rubber **, and as for 
rubber, by the belt nip method of this invention, distortion which can carry out 
self stripping should just have even the thickness which can be formed uniformly. 
Thus, a belt nip method has the feature that nip width of face and distortion can be 
changed independently, respectively. 

[0040] Specifically, by the conventional roll nip method, at least 2mm or more, 
although the elastic body 3.0mm or more was desirably required, by this invention, 
it has the advantage in stabilization of temperature, and shortening of a warm 
uptime 0.5mm or more that there should just be 1.0mm or more desirably. Although the 
ablation presser foot stitch tongue was used for the pressure roll and coiling round 
of the paper to a pressure roll was prevented by the conventional roll nip method, 
it is possible to make the curvature of the belt in the ablation position of the 
paper from a belt into the size around which paper does not coil by this belt nip 
method, it has the advantage in which a fixing roll and a belt do not need an 
ablation presser foot stitch tongue. Thereby, the injury on the roll by the ablation 
presser foot stitch tongue and a belt and the release agent scratched by the 
ablation presser foot stitch tongue accumulate at the nose of cam of a presser foot 
stitch tongue, it transfers at the nose of cam of paper, and the trouble of the 
conventional roll nip method that the stain of a release agent occurs can also be 
solved. 

conventionally [ <example 2> ], there is a problem of the rolling defect by the 
temperature sensor, and this had caused the short-lived nature or a roll, and 
quality-of -image degradation, with the elastic body roll with which the elastic body 
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was covered by especially the front face, this influence was large, in this 
invention, as shown in drawing 12 , a temperature sensor 6 is allotted to a belt 
inside, and it becomes possible by detecting the temperature of the fixing roll in a 
belt nip through a belt to carry out a temperature control. For this reason, the 
problem of the injury by the sensor is solved completely. m 
when the load of a pressure roll was changed using the belt nip method fixing 
equipment of the <example 3> example 1 and the fixing experiment was conducted, by 
the belt nip method of this invention, it found out that there was a problem of a 
new quality-of -image defect. It is the phenomenon in which a picture will shift 
beyond from a certain load, when the load of a pressure roll is increased (this 
phenomenon does not happen by the belt nip method which used the hard roll in the 
example 1 of comparison.). The result which investigated the relation between a 
picture gap and a load is shown in drawing 13 . Artificers considered this mechanism 
as follows. ^ . . 

[0041] Generally, the surface velocity of an elastic body roll is the surface 
velocity vs of a there, when [ that ] it is distorted, and is influenced of epsilon 
and elastic body ci rcumferencial direction distortion epsilon exists. It is set to 
Vs =(l+epsilon) V. v shows the surface velocity in epsi lon= 0. By the belt nip 
method of this invention, the load from a pressure roll is received at a nip outlet, 
and ci rcumferencial direction distortion epsilon exists. And speed Vs of the place 
as for the speed v with the nip field of only a belt (here, it is epsilon**0), the 
speed difference exists slightly, thus, the paper which will have been stuck to the 
roll front face if it becomes larger than a value with the speed difference when a 
difference exists in roll surface velocity within a belt nip just ~ being alike 
-- it is the hypothesis that it becomes impossible to absorb the speed difference, 
and a picture gap arises Self stripping is possible and the range of distortion 
which a picture gap does not produce is 0 - 3.75%. In order to solve the prc>blem of 
this picture gap, artificers found out the following solution method according to 
the aforementioned hypothesis. 

[0042] since the gap resulting from the speed difference is held down as much as 
possible, it is a method using the pressure auxiliary roll 29 covered with the soft 
elastic body by the upstream of a pressure roll. (Refer to drawing 14 ) This 
pressure auxiliary roll is a roll for preventing that stick a belt on a fixing roll 
from a belt inside, and the front face of a belt and a fixing roll shifts, in the 
example 2, the pressure welding of the elastic body roll which covered Si rubber 
firing object (the rubber degree of hardness of 23 degrees / ASUKA C type hardness 
meter; with a thickness of 6mm was carried out to the stainless steel core with a 
diameter of 6mm by 4kg of loads at the place of 11mm of upstreams of the pressure 
roll of the fixing equipment of an example 1. As a picture gap was shown in drawing 
15 at this time, while about 10kg increase in a load was attained as compared with 
the case where there is no pressure auxiliary roll 29 and the part self stripping 
nature improved, improvement in fixing nature was also obtained. Moreover, by 
adoption of this pressure auxiliary roll, even if it decreases belt tension, since 
the fixing force of a belt and a roll does not decline, the advantage in which the 
life of a belt can be increased also has it. 

[0043] Furthermore, in order to solve the problem of the approach of a belt, 
artificers came to know the following fact, as a result of studying the 
firm-bridging method of a belt, and the displacement method of a displacement roll. 
This fact is explained using drawing 16 . Drawing 16 shows the case where the belt 
is laid with three rolls. First, a belt is laid with at least three or more rolls, 
the 1st fact considers any one of them as the displacement roll 23, more than other 
two or they are considered as the fixed rolls 24 and 25, and, as for a belt nip, it 
is very effective to carry out between fixed rolls, when the shaft of the 
displacement roll 23 is made to intersect the shaft of the fixed rolls 24 and 25, 
since a belt is twisted compulsorily , flapping generates it in the upstream and 
downstream of a displacement roll. However, this flapping will be regulated with the 
neighboring fixed rolls 24 and 25, flapping of most belt sides laid between fixed 
rolls will be lost, and a belt will maintain a flat surface. This is because a fixed 
roll is an parallel relation mutually. By forming a belt nip at this flat surface, 
it becomes possible to suppress flapping of a belt with a fixing roll, a wrinkling, 
and breakage to the minimum. Moreover, when the recording paper was conveyed to this 
belt nip, it became clear that there is also no wrinkling of the recording paper and 
there is also no disorder of a picture. 
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[0044] as a result of inquiring about the displacement method of the shaft 9f a 
displacement roll furthermore, it came to acquire the 2nd fact, it a variation 
rate — the end of the shaft of a roll -- the hand of cut of a belt — receiving -- 
a variation rate — when the variation rate of the medial axes A and B of two fixed 
rolls, the upstream near a roll and a downstream, 24 and 25 was carried out alonq 
with the elliptical orbit 30 used as a focus, there was least stress of a belt, for 
this reason, it lenticulated, and it became clear to also suppress a wrinkling and 
breakage to the minimum And the force required to carry out the variation rate of 
the displacement roll in this case is small, it ends, and the miniaturization of 
displacement equipment is attained, this — a variation rate — the case where roll 
axis are changed along with an elliptical orbit 30 — a variation rate --the 
circumference of a next belt a variation rate --in order not to change with a 
front -- it is ~ a variation rate -- it is order and is because the tension of a 
belt does not change . . 

[0045] The approach amendment mechanism of the belt by this method is explained 
using drawing 17 . when approach occurs in one of right and left of a belt, the 
light of the photosensor 31 with which the belt was prepared in the belt edge on 
either side is interrupted, and it is detected in which the approach occurred, when 
a belt approaches a near side in drawing 17 and a photosensor detects the approach 
of the belt, a signal is sent to a stepping motor 32, the amount rotation of 
conventions of the stepping motor is carried out, and the variation rate of the 
position of the shaft of the near side of a displacement roll is made to carry out 
in the direction of D. The guide 33 is formed so that the bearing of the 
displacement roll 23 can displace A and B along with the elliptical orbit 30 used as 
a focus at this time. Thereby, a belt 15 begins to approach an opposite side with a 
near side, and the position of a belt is amended. 

The <example 4> fixing roll 1 was covered with the so-called soft roll with which 
the elastic body was covered by the front face of a metal core by the with an 
outer-diameter bore [ 40mm bore of 46mm ] aluminum cylinder 3 as a ground layer at 
the thickness whose HTV silicone rubber 20 (rubber degree of hardness of 45 degrees) 
is 2mm, further, as a topcoat layer, it carries out the coat of the silicon RTV 
rubber 21 to the thickness of 50 micrometers, and the front face is made to it by 
the As a source of heating, the halogen lamp 5 of 400 w is formed in the interior, a 
skin temperature is detected by the temperature sensor 6, and it is controlled by 
the temperature controller which is not illustrated by the constant temperature of 
150 **. 

[0046] Moreover, as a release agent, it is -(Ch2)3nh2 as a functional group. The 
product made from amino denaturation silicone oil (oil viscosity 300cs) Shin-etsu 
chemistry which it has, b= 0.1, and c= 130 (X-21-7763G) are uniformly supplied by 
the oil distribution system 9. On the other hand, an endless belt 15 is the 
thickness of 75 micrometers, a coefficient of static friction 0.40, width of face of 
300mm, and this length of 288mm. It is a polyimide film and they are the rolls 22 
and 20 made from stainless steel of four, and 20 or 18mm. The roll 25 (pressure 
roll) with a diameter of 18mm is energized by 25kg as the total load toward the 
center of the fixing roll 1 by the compression coil spring 26 as a pressurization 
means, and is sticking the belt 15 to the fixing roller by pressure, contact of the 
belt to a fixing roll is 45 degrees as a contact angle, and serves as width of face 
of 19.6mm of the belt nip at this time. Since, as for the outlet of a belt nip, the 
pressure welding of the pressure roll 25 is carried out through the belt, the 
elastic body of a fixing roll deforms and distortion generates it in the front face. 
The driving force from a motor 27 is transmitted to the fixing roll 1, and follower 
rotation of the belt can be carried out at the rate of 200-350mm / sec in the 
direction of an arrow 28 with a fixing roll. 

[0047] this fixing equipment -- using it — the form top of A4 [ various ] size -- a 
color toner 2.5 mg/cm2 the non-established solid picture imprinted by density -- 
fixing speed 250 mm/sec from -- 350 mm/sec It processed. At this time, the setting 
temperature of a fixing roll was changed with 150 **, 165 **, and 180 **, 
respectively, operated by 20-sheet continuation, and evaluated those picture gaps. 
Consequently, it is 350 mm/sec as shown in Table 1. It turns out that supply [ like 
] of oil further called 20-sheet continuous running even if it also sets at high 
speed and is a smooth form like double-sided coat paper does not catch up, and 

?enerating of a picture gap takes place to the bottom of a few condition under [ no 
conditions . 
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[0048] 
[Table 1] 



[0049] as a <example 5> release agent, it is -(CH2)3NH(CH2)2nh2 about the kind of 
amino group to be used. Although the completely same test as an example 4 was 
carried out by the amino denaturation silicone oil (product X-21-7720 made from the 
Shin-etsu chemistry) which carried out and made other conditions the same, the same 
test result was completely obtained. . 
when other conditions were made the same as examples 4 and 5 and were tested using 
the di methyl polysiloxane oil ( KTmade from Shin-etsu chemistry- 96,360 cs) which 
does not have the conventional amino group in the oil used as a <example 6> release 
agent, the result of a picture gap was a permissible level although the picture gap 
was shown a little in the second half of continuous running at the time of high 
speed as shown in Table 2. 
[0050] 
[Table 2] 



[0051] It is same functional -group- (CH2)3NH2 as an example 1 about the oil used as a 
<example 7> release agent. It considers as the amino denaturation silicone oil (the 
product made from the Shin-etsu chemistry, b= 0.1, c= 130, X-21-7763G) which it has, 
and is coefficient of friction of the endless film of a polyimide 0.5 it was made 
what was adjusted and also considered as the same conditions as an example 4. This 
result was completely the same as that of an example 4. 

a <example 8> release agent — an example 5 -- the same -- as the amino group 
-(CH2)3nh(CH2)2nh2 it is — and also it changes into an amino denaturation silicone 
oil ( made from the Shin-etsu chemistry x-21 -7720) -- an example 7 — the same — 
coefficient of friction of an endless belt — 0.5 Even if tested, the result was 
completely the same as the example 7. 

when the dimethyl polysiloxane oil ( KFmade from Shin-etsu chemistry- 96,300 cs) 
which does not nave the amino group which was being used conventionally as a 
<example 3 of comparison> release agent was used, the completely same test as 
examples 7 and 8 was performed and it became 15 - 20 sheets in the second half of 
continuous running as shown in Table 3, it turns out that it is easier to generate a 
picture gap at the time of high speed. This invention persons reasoned that this 
result was what is depended on the wettability of the oil to a polyimide film, or 
compatibility. That is, the amino group is affinitive from a methyl group to the 
imido basis of a polyimide film, and it reasoned whether to have adhered to the 
bottom of a condition whose oil supply like continuous running decreases 
effectively. 
[0052] 
[Table 3] 



[0053] What was made into the coefficient of static friction 0.30 among the 
front-face nature of a <example 9> endless belt was used, and also it tested on an 
example 4 and these conditions, in addition, measurement of a coefficient of static 
friction New East Chemistry tabulation side measurement machine — HEIDON-14 Type 
is used and the coefficient of static friction (normal force of 200g) to L paper (64 
g/m2, Fuji xerox make) is measured. This result did not have a method of the 
complaint beginning, either, and there was no picture gap and they were an example 4 
and more than equivalent. This result is shown in Table 4. 
[0054] 
[Table 4] 



[0055] It is coefficient of friction 0.3 as front-face nature of an endless belt 
like the <example 4 of comparison> example 9. when tested using the 
dimethylpolysi loxane which uses a thing and does not have a functional group as a 
release agent, a result as shown in Table 5 was brought. Although some inclinations 
to deteriorate at the time of continuous running at the time of high speed were 
seen, they were a permissible level. 
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[0056] 
[Table 5] 

[0057] It is the method of using what was made into coefficient of friction 0.40 of 
an endless belt like the <example 5 of comparison> example 6, driving only the 
fixing roll 1 by the ** motor 27 as the drive method of the whole fixing equipment 
shortly, and making others following. m 

** it is the method of driving the roll 22 which lays an endless belt by the motor 
28 which is not illustrated, making an endless belt driving, and making the fixing 
roll 1 following. 

How to make both ** ****s a driving source. _ . 

The comparison test by the drive method of three ** was performed. The result is 
shown in Table 6. 
[0058] 
[Table 6] 

[0059] As the drive method of fixing equipment, this result showed that the method 
of driving the fixing roll of ** was the best drive method to a picture gap. 
[0060] 

[Effect of the invention] this invention makes self stripping possible by generating 
distortion on a fixing roll front face in the fixing equipment of the conventional 
belt nip method by carrying out the pressure welding of the pressure roll to a 
fixing roll through a belt at a belt nip outlet so that clearly from the above 
explanation. For this reason, it becomes applicable to the fixing equipment of 
colors other than monochrome fixing equipment. Moreover, by introducing flapping of 
the belt which was the fault of the conventional belt nip method, a wrinkling, and 
the approach amendment mechanism of the firm-bridging method of a belt, and a belt 
in which breakage is also suppressed to the minimum, it became possible to prolong 
the life of a belt sharply, and it became possible to prevent the wrinkling of the 
recording paper, and disorder of a picture. Moreover, even if it compares the belt 
nip method of this invention with a roll nip method, it has many advantages, such as 
high speed, high reliance, and high definition, and the utility value is very large 
on industry. 

[0061] Furthermore, there was no problem of picture ****** by the ablation presser 
foot stitch tongue whose this invention is the fault of the conventional belt nip 
formula, and it became possible under the high-speed condition to realize the 
quality of image which does not have a picture gap in the bottom of a 
continuous-running condition at the various bottoms of a form condition. Moreover, 
even if it compares this belt nip method with 11 pairs of roll nip methods by which 
roll pair-twinning composition is carried out, it has many advantages, such as high 
speed, high reliance, and high definition, and the utility value on industry is very 
large. 



[Translation done.] 
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(54) NAME OF INVENTION: Fixing device 

(57) ABSTRACT 

PURPOSE: To provide a fixing device, which solves a problem of damaged images when paper 
material is ejected. ~ 

STRUCTURE: A fixing device, which fixes unfixed toner images on copying material with a 
thermal fixing roller, and which has the following structure. [Note: see figure on oriqinal 
document, page 1] 
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• A heat resistant belt (15), which is stretched between several supporting rollers (22, 23, 24) 
and the thermal fixing roller (1). In order to make a nip between the heat resistant belt' and the 
fixing roller, part of the belt is pressed on the fixing roller from a specific angle. 

• A pressure roller (25), which is installed under the heat resistant belt at the exit point of the 
nip. v 

Thanks to the pressure roller, which presses the thermal fixing roller through the heat resistant 
belt, the elastic material around the thermal fixing roller is deformed. 

The deformation rate, in the circulating direction, of elastic materials (20, 21) around the thermal 
fixing roller (1 ) can be more than 0.5 %. 

The thermal fixing roller can be the main drive. The heat resistant belt is driven by the roller. 

Static friction coefficient by the heat resistant belt can be less than 0.40. 

Amino denatured silicon oil can be applied to the thermal fixing roller as a releasing agent. 

CLAIMS Page2 
CLAIM 1: A fixing device, which fixes unfixed toner images on copying material with a thermal 
fixing roller, and which has the fotlowing structure. 



• A thermal fixing roller, which is covered with elastic materials more than 0.5 mm thick. 

• A heat resistant belt, which is stretched between several supporting rollers and the thermal 
fixing roller. In order to make a nip between the heat resistant belt and the fixing roller, part of 
the belt is pressed on the fixing roller from a specific angle. 

• A pressure roller, which is installed under the heat resistant belt at the exit point of the nip. 

Thanks to the pressure roller, which presses the thermal fixing roller through the heat resistant 
belt, the elastic material around the thermal fixing roller is deformed. 

CLAIM 2: According to the fixing device described in Claim 1, deformation amount e, in the 
circulating direction, of elastic material around the thermal fixing roller has to respect the 
following formula. 

c 20,5%. 

CLAIM 3: According to the fixing device described in Claim 1, the heat resistant belt is stretched 
between at least three supporting rollers. The supporting rollers consist of one displacement 
roller and two or more fixing rollers. The displacement roller's axis can be displaced in a 
crosswise direction against the other two fixing rollers' axes. 

CLAIM 4: According to the fixing device described in Claim 3, the axis of the displacement roller 
is displaced along an elliptical orbit, which is formed by the focal points of the two supporting 
rollers' axes. One supporting roller, which is installed upstream in the belt circulating direction, is 
closer to the displacement roller than the other supporting roller, which is installed downstream 
in the belt circulating direction. 

CLAIM 5: According to the fixing device described in Claim 3, there is a nip formed at the 
contacting part of the thermal fixing roller and the heat resistant belt stretched between the two 
supporting rollers. 

CLAIM 6: According to the fixing device described in Claim 1, an elastic roller, which presses 
the pressure roller from under the heat resistant roller, is installed upstream (in the belt 
circulating direction) of the pressure roller in the nip area. 

CLAIM 7: According to the fixing device, in which the thermal fixing roller presses the heat 
resistant belt stretched between some supporting rollers, the nip is formed at the contacting part 
of the roller and the belt. Image fixing is operated at this nip area. A temperature sensor is 
installed in the nip area to detect the thermal fixing roller's surface temperature through the heat 
resistant belt. 

CLAIM 8: The fixing device, which fixes unfixed toner images on copying material with a thermal 
fixing roller, and which has the following structure. 

• A thermal fixing roller, which is covered with elastic materials more than 0.5 mm thick. 

• A heat resistant endless belt, which is stretched between several supporting rollers and the 
thermal fixing roller. In order to make a nip between the heat resistant endless belt and the 
fixing roller, part of the belt is pressed on the fixing roller from a specific angle. 

• A pressure roller, which is installed under the heat resistant belt at the exit point of the nip. 

Thanks to the pressure roller, which presses the thermal fixing roller through the heat resistant 
belt, the elastic material around the thermal fixing roller is deformed. 

The thermal fixing roller can be the main drive. The heat resistant belt is driven the roller. 

CLAIM 9: According to the fixing device described in Claim 8, static friction coefficient of the 
heat resistant endless belt can be less than 0.40. 

CLAIM 10: According to the fixing device described in Claim 8, amino denatured silicon oil, 
which is shown by the following formula (1) and which adhesive power is 10~100,000cs, is 
applied to the thermal fixing roller as a releasing agent. However, A stands for -FT -X (R* means 



alkylene group of carbon number 1 to 8 and X means -NH 2 or-NH (CH 2 ) 2 NH 2 in this formula). 
b and c stand respectively for 0<b ^ 1 0 and 1 0 ^ c S 1 000. 
[Note: see formula on page 2 of the original document] 

DETAILED DESCRIPTION 
0001 

INDUSTRIAL APPLICATION: Belonging to the field of Information recorders, such as copy 
machines, printers and facsimiles, this invention concerns a fixing device equipped with a heat 
roller, especially a belt nip typed fixing device, which fixes unfixed toner images on copy paper 
by heat. 

0002 

CONVENTIONAL TECHNOLOGY: In the conventional fixing device, shown in diagram 1, heat 
pressure roller typed fixing devices (so called roll nip method) are generally adopted. With this 
type of fixing device, an unfixed toner image is inserted into the pressing area between a pair of 
heated rollers and then the image is fixed. 

In diagram 1 , 1 and 2 represent respectively the fixing roller and the pressure roller. Fixing roller 
1 consists of metallic hollow roller 3, which is made of, for example, high heat transmission rate 
aluminum. Metallic hollow roller 3's surface is covered with covering layer 4 made of Teflon 
(trademark of DuPont Co Ltd. ), which is heat resistant and can easily be removed. 

Halogen lamp 5 is installed inside of metallic hollow roller 3. Temperature sensor 6 t which is 
installed on the fixing roller's surface, sends signals to the temperature control circuit. For this 
purpose, halogen lamp 5 is switched in order to keep a specific temperature. 

Part of unfixed toner 8 t on copy paper 7, could remain attached on fixing roller 1 at the time of 
fixing (so called offset). In order to prevent this, oil supply device 9 is installed in order to apply a 
specific amount of silicon oil on fixing roller Vs surface. 
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0003: Pressure roller 2 consists of metallic core 10 t which is covered with thick heat resistant 
elastic material 11 , such as silicon rubber. By elastic deformation of heat resistant elastic 
material 11, a pressed area (so called nip) is formed. Unfixed toner image is inserted into this 
nip area and then the image is fixed by pressure and heat energy action. Copy paper 7, which is 
ejected from the nip area, is twined around the fixing roller 1 because of ink adhesive power. 
Separator 12 is installed to separate the paper from the roller. 

0004: Therefore, when high speed fixing is operated with the fixing device above, the toner and 
the paper require the same amount of heat energy and pressure at the same time. That means 
the nip width has to be extended in accordance with the fixing speed. For extending the nip 
width, the following solutions can be implemented: 

1. The load between two rollers is increased. 

2. The elastic material is thickened. 

3. The roller's circumference is enlarged. 

0005: With solutions 1 and 2 above, there are problems such as: nip width's unevenness along 
the roller axis because of paper slackness, uneven fixing or paper wrinkling. With solution 3, the 
quality problems mentioned above do not occur, but the device would be enlarged and it takes 
time to warm up from the room temperature to the fixing temperature (so called warm up time). 

0006: To solve the problems mentioned above and to attain a high speed fixing operation, there 
is a method with a belt (so called belt nip method) shown in diagram 2. This method is shown in 
Open Patent Journal 61 - 1 32972. 

The belt nip method, shown in diagram 2, consists of: 

• Several supporting rollers (two rollers here) 13 and 14, 

• Endless belt 15, which is stretched and is rotated between supporting rollers 13 and 14, 

• Fixing roller 1 , which forms the belt nip at the contacting area with endless belt 15. 

When paper 7, on which unfixed toner image 8 is fixed, passes between fixing roller 1 and belt 
nip, the image is fixed by the pressure and the heat energy. Paper 7 is removed by separator 12 
from the roller and is then ejected outside of the fixing device. 



With this structure, the extension of the belt nip width between endless belt 15 and fixing roller 1 
is easier than with the conventional belt nip method. Thanks to this, it is possible to attain high 
speed fixing operation and, moreover, the fixing roller can be smaller than the roll nip typed 
fixing device with the same fixing speed. 

0007 

PROBLEMS TO BE SOLVED BY THIS INVENTION: However, with the belt nip typed fixing 
device described above, separator 12 must be installed behind the belt nip for paper separation. 
Paper, on which toner image is fixed, is twined around the roller between the belt nip exit and 
separator 12. The paper is forced to separate from the roller by separator 12. 

When the edge of the paper, on which a normal image (for example a black and white image) is 
laid, is separated by separator 12, following paper sheets are detached without force by the 
paper's own strength. In other words, it is not difficult to separate paper from the roller. 

0008 

When the edge of paper, on which a large amount of three toners (cyan, magenta, yellow) is 
laid, is separated by separator 12, following paper sheets are difficult to detach because the 
toner has to be well heated when coloring and fixing a color image. As a result, separator 12 
scratches images all the time and the image quality becomes inferior. Only when using thick 
paper, in other words paper with strength, can paper twining be prevented. Therefore, this does 
not solve the fundamental problem. 

0009 

With the conventional belt nip method, problems such as belt tilting, belt ripples or wrinkled 
paper might happen easily. Moreover the belt slides sideways due to the following reasons: 

• Uneven surface quality according to rollers* cylindricality (because the belt is stretched 
between two rollers), 

• Uneven parallelism between rollers, 

• Uneven belt circumference length, 

• Uneven pressure in right and left side from the fixing roller. 

Because of these reasons, the belt slip has to be minimal. 
0010 

To solve this conventional problem, belt sliding in a sideways direction, in other words belt tilting, 
is detected by optical method, mechanical method, and electrical method. In order to stretch the 
belt, one of the rollers is established as a displacement roller and others are established as 
supporting rollers. Belt tilting is controlled thanks to these two sorts of rollers, which are placed 
in a crosswise direction. 

0011 

The first purpose of this invention is to provide a fixing device which solves the scratched image 
problem when papers are separating. The second purpose is to provide a belt nip typed fixing 
device, which applies not only to black and white image but also to color image copy machines. 
The third purpose of this invention is to provide a fixing device without a separator or any other 
separating devices around the nip exit when thin papers, on which a large amount of toner is 
laid, are fixed (so called self stripping). 

0012 

The fourth purpose of this invention is to provide a belt nip typed fixing device which does not 
encounter problems such as belt tilting, belt ripples and wrinkled copy paper. At the same time, 
belt's stable operation and longer lasting life will be attained. 
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The fifth purpose of this invention is to provide a belt nip typed fixing device, which guarantees 
stable image quality without overlapping during high speed fixing operation, during continuous 
operation and with any kind of paper. 



0013 

MEANS TO SOLVE THE PROBLEM: With this invention, a fixing device, which fixes unfixed 
toner images on copying material with a thermal fixing roller, and which has the following 
structure can be provided. 



• A thermal fixing roller, which is covered with elastic materials more than 0.5 mm thick. 

• A heat resistant belt, which is stretched between several supporting rollers and the thermal 
fixing roller. In order to make a nip between the heat resistant belt and the fixing roller, part of 
the belt is pressed on the fixing roller from a specific angle. 

• A pressure roller, which is installed under the heat resistant belt at the exit point of the nip. 

Thanks to the pressure roller, which presses the thermal fixing roller through the heat resistant 
belt, the elastic material around the thermal fixing roller is deformed. 

0014 

Deformation amount t , in the circulating direction, of elastic material around the thermal fixing 
roller has to respect the following formula t ^0.5 %. The heat resistant belt is stretched 
between at least three supporting rollers. The supporting rollers consist of one displacement 
roller and two or more fixing rollers. The displacement roller's axis can be displaced in a 
crosswise direction against the other two fixing rollers' axes. 

0015 

The axis of the displacement roller is displaced along an elliptical orbit, which is formed by the 
focal points of the two supporting rollers' axes. One supporting roller, which is installed 
upstream in the belt circulating direction, is closer to the displacement roller than the other 
supporting roller, which is installed downstream in the belt circulating direction. There is a nip 
formed at the contacting part of the thermal fixing roller and the heat resistant belt stretched 
between the two supporting rollers. 

0016 

An elastic roller, which presses the pressure roller from under the heat resistant roller, is 
installed upstream (in the belt circulating direction) of the pressure roller in the nip area. 
According to the fixing device, in which the thermal fixing roller presses the heat resistant belt 
stretched between some supporting rollers, the nip is formed at the contacting part of the roller 
and the belt. Image fixing is operated at this nip area. A temperature sensor is installed in the 
nip area to detect the thermal fixing roller's surface temperature through the heat resistant belt. 

0017 

When fixing a color image, a large amount of unfixed toner has to be heated with a large 
amount of heat to achieve good coloration quality. Therefore, the belt nip method, on which a 
wide nip can be formed, is suitable. When the self striping method with thin paper, in other 
words, a method for decreasing adhesive power between the fixing roller and the melted toner, 
was being studied. The inventor discovered the following facts. 

0018 

The interface adhesive power between the melted toner and the fixing roller is not only affected 
by material property value based on surface chemistry of both the toner and the roller, but also 
by the fixing roller's surface deformation. If the melted toner is in contact with a fixing roller's 
surface which has already been deformed, the adhesive power between the toner and the fixing 
roller's surface is decreased rapidly from the moment the deformed surface's pressure is 
released. 

0019 

To be more concrete, the fixing roller's surface is covered with heat resistant elastic material, 
which can easily be deformed by the outside force, and which is made from, for example, silicon 
rubber or fluoric rubber. The fixing roller's surface is deformed by pressure of a hard roller 
installed near the nip exit, while toner image is being fixed. When the fixing roller's surface 
deformation is released at the nip exit, adhesive power between the fixing roller's surface and 
the toner is decreased. Then paper is separated from the roller by the paper's own strength. 
This fact is proved by the following model experiment. 

<Model experiment This model experiment proves the following fact. The surface deformation 
of the fixing roller affects the adhesive power between the toner and the roller. 



0020 



Fixing roller A (soft roller) covered with elastic material (Si rubber) 2.0 mm thick and the fixing 
roller B (hard roller) covered with 50 um Teflon are both heated at 130*0. The paper surface, on 
which the image is copied with 3,0 mg/cm 3 color toner, is pressed against each fixing roller's 
surface with a pressure of X kg/ cm 3 during 10 seconds. The contacting surface of the toner is 
separated rapidly from the roller at 500mm/sec. Then the load for separating the surface is 
recorded by the load exchanger. 

Diagram 3 shows the adhesive power detecting device and its outline. 16 is the adhesive part 
on the back of copy paper 7. 17 is a load transmission line. 18 is a load exchanger. 19 is a 
recorder. 

Line chart 4 shows the results from this model experiment. 
0021 

As a result, in the case of fixing roller A, the separating load decreases as the pressing load 
increases. After the specific amount of pressing load is reached, the amount of separating load 
becomes 0. However, in the case of the fixing roller B (hard roller), the pressing load does not 
affect the separating load. 

0022 

When the soft roller's surface, coated with elastic material, is pressed, the surface is deformed. 
This deformed surface is in contact with the toner. When the pressure is released rapidly in this 
condition, deformed surface becomes the normal surface (surface without deformation). Micro 
slip occurs between the toner and the roller. This micro slip decreases the adhesive power. 
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With fixing roller B, which surface is not deformed, micro slip does not occurs. In other words, 
adhesive power is not decreased. This invention applied this fact to the belt nip typed fixing 
device. 

0023 

For achieving the fifth purpose above, the following fixing device is equipped with this invention: 
a fixing device, which fixes unfixed toner images on copying material with a thermal fixing roller, 
and which has the following structure. 

• A thermal fixing roller, which is covered with elastic materials more than 0.5 mm thick. 

• A heat resistant belt, which is stretched between several supporting rollers and the thermal 
fixing roller. In order to make a nip between the heat resistant belt and the fixing roller, part of 
the belt is pressed on the fixing roller from a specific angle. 

• A pressure roller, which is installed under the heat resistant belt at the exit point of the nip. 

Thanks to the pressure roller, which presses the thermal fixing roller through the heat resistant 
belt, the elastic material around the thermal fixing roller is deformed. 

The thermal fixing roller can be the main drive. The heat resistant belt is driven by the roller. 
0024 

Inventors of this invention found the solution of achieving this fixing device, which provides clear 
images, by improving the following three points. 

First point: With the conventional drive system, the belt, which is stretched between the rollers, 
is driven by the rollers. However, if the fixing roller acts as the main drive, a most accurate 
image can be achieved. 

0025 

The following are the three methods to drive the whole fixing device: 
® Driving the fixing roller, 
© Driving the endless belt, 

CD Driving both the fixing roller and the endless belt. 



Among these three methods, ® driving the fixing roller is the best way to achieve the most 
accurate image. 

Second point: The endless belt's surface quality is regulated. Material for the endless belt was 
usually made of 75// m polyimide film or Teflon film with synthetic fiber. However, depending on 
surface characteristics, if friction coefficient with paper is smaller, image overlapping is less 
likely to occur. According to this, static friction coefficient v should be less than 0.40, or more 
preferably less than 0.30, in order to prevent image overlapping. The back side of paper must 
preferably slide on the endless belt. On the other hand, the paper surface, which is in contact 
with the toner and the fixing roller, is regulated in order to stop sliding (static friction coefficient 
between the fixing roller and the paper is preferably more than 0.8). 

Third Point: Silicon oil made from dimethylpolysiloxane has often been applied as a releasing 
agent. However with this invention, amino denatured silicon oil, which possesses amino group 
and which is excellent for soaking the endless belt is applied. The amino denatured silicon oil 
has to respect the following formula (1) and the adhesive power at 25T: is 10—100,000cs. 

[Note: See formula 1 on page 5 of the original text.] 

0026 
Number 2 

0027 

A stands for -R' -X (R' means alkylene group of 1 to 8 carbon number and X means -NH 2 or - 
NH (CH 2 ) 2 NH 2 in this formula), b and c respectively stand for 0<6^10 and 10^c^1000. The 
reason of the formula cannot be explained clearly. Amino group in amino denatured silicon oil 
works effectively to imide bond of the polyimide film, which is a basic film. Thanks to this, the 
method of soaking the polyimide film surface by oil is improved. Amino denatured silicon oil, 
which is provided along the fixing roller's surface, is applied on the polyimide film's surface. 
Thanks to this, paper's back side slides well on the endless belt, preventing image overlapping. 

0028 

For amino denatured silicon oil, A is suitable for -(CH 2 ) 3 NH 2 or -(CH 2 ) 3 NH (CH 2 ) 2 NH 2 . For its 
density, each b and c respect the formulae 0,01<b<1 and 50^c^300. More preferable 
formulae for each b and c are 0,02 gb ^0,5 and 100^c^200. Oil adhesive power is suitable at 
50~1000cs, and more preferably 100—400. 

0029 

Once toner is fixed with the use of this amino silicon oil, the toner image is not inferior even 
when copying on both sides of the paper. On the other hand, by using dimethylpolysiloxane, 
fixed toner image would become coarse. The difference happens because different chemical 
affinity from functional group influences mold releasing capability of the surface. 

0030 

These three points have their own effect but the problem of image overlapping is minimized with 
their combined use. The common idea of these three points is to deliberately slide paper's back 
side on the endless belt and to solve the problem of difference between the fixing roller's 
surface speed and the endless belt's surface speed. 

0031 

EMBODIMENT: Diagram 5 shows an example of belt nip method for achieving this invention. 

EMBODIMENT 1: A soft roller, made of a metal core coated with elastic material, acts as a 
fixing roller. 
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An endless belt, which is stretched between several rollers, is pressed against a fixing roller 
(soft roller) to form a nip. A pressure roller, installed at the nip exit, presses the fixing roller 
through the endless belt. The fixing roller's surface is elastically deformed because of the 
pressure roller. To make sure the fixing roller's surface is efficiently deformed with a minimum 
load, the pressure roller's circumference must be smaller and its surface must be harder than 
the fixing roller's. 



0032 

Embodiment 1 explains the details of this invention. The fixing device described as embodiment 
1 is shown in diagram 5. Fixing roller 1 consists of hollow roller 3, which is made of a 46mm 
thick (outside diameter) and 40mm thick (inside diameter) aluminum hollow cylinder. Roller 3 is 
coated with base layer 20 t which is made of 2mm thick HTV silicon rubber (rubber hardness is 
45 degrees). The base layer 2(7s surface is dip-coated with top coat 21, which is made of 50 & 
m thick silicon RTV rubber, and has a finish close to a mirror surface state. 40 W halogen lamp 
5 is installed inside of fixing roller 1 as a heat source. The surface temperature of fixing roller 1 
is kept at 150°C by a temperature controller (not shown in the diagram) via temperature sensor 
6. For the mold-releasing agent, dimethylpolysiloxane oil of 300 cs adhesive power (KS-96: by 
Shin-Etsu Chemical Co., Ltd) is applied evenly from oil applying system 9. 

Endless belt 15 is made from a 75 u m thick, 300 mm wide and 288 mm long polyimide film. Belt 
15 is stretched over stainless rollers 22, 23, 24, 25 with a 10 kg tension. Respective diameters 
of rollers 22, 23, 24 and 25 are 22 cm, 20 cm, 20 cm and 18 cm. Roller 25 (pressure roller) with 
a 18cm diameter is installed to press against fixing roller 1 by coil spring 26 t which is a pressure 
mean. The pressure angle of fixing roller 1 is 45° . The belt nip is 19.6 mm wide. Pressure roller 
25 presses the belt nip exit through belt 15 Therefore, the elastic material of fixing roller 1 is 
deformed. Drive force from motor 27 is transmitted to drive roller 22, Then belt 15 and fixing 
roller 1 starts to rotate at 250 mm/sec in the direction of arrows shown in the diagram. 

0033 

Table 6 shows the result of paper's self stripping capability, when papers of different weight 
(thickness), on which fixed color toner with a 3.0 mg/cm 2 density is copied, are passed through 
this fixing device. In the paper conveying direction A, paper's fiber is placed in parallel with the 
fixing roller in order to be conveyed. In the paper conveying direction B, paper is conveyed in a 
perpendicular direction. 

Papers conveyed in direction A are less easily self-stripped than the same papers conveyed in 
direction B. According to the above data, if the pressure roller's load is increased, lighter 
(thinner) papers separate by themselves more easily. 

Comparable example: Here, the example of the other fixing roller (hard roller) is explained. 
Under the same condition as in embodiment 1, fixing roller A (soft roller) was exchanged with 
fixing roller B (hard roller), the latter being coated with 50 ^ m thick Teflon. Then the self- 
stripping capability was studied. As a result, self-stripping could not be operated with the 
pressure roller, whatever the load. 

Measuring deformation: The elastic material's surface deformation can be measured by the 
following method. When both load from the soft roller and the hard roller are pressed against 
each other, the soft roller's surface is deformed (deformation amount e ) at the nip area. Those 
rollers are rotated and then a sheet of paper passes through the nip area. The paper continues 
to be conveyed into the nip area, where it is deformed. When the paper is ejected, the length of 
paper conveyed by first rotation of the elastic roller is longer than the roller circumference by 
length deformation amount t . 

0034 

Therefore, the following formula is respected. 

£ ={( paper length when the paper is ejected by first rotation of the elastic roller) ~ the roller 
circumference length when f =0} -1. 

With this formula, the deformation amount f can be calculated. Line chart 8 shows the relation 
of load and deformation amount described in embodiment 1. With a deformation amount of 
0.5 %, self-stripping of 90g/m 2 weight paper in the direction B can be achieved without problem. 
With a deformation amount of 2.5 %, self-stripping of thin paper (55g/ m 2 ) in the direction A (the 
most difficult condition) would be possible. 

0035 

Adhesive power of interface between the toner and the fixing roller is effectively decreased by 
releasing the surface deformation pressure at the nip area. This is adopted not only with the belt 
nip method, but also with the roll nip method. In this case, the fixing roller's surface hardness 
should be as soft as or softer than the pressure roller's. According to this, the fixing roller is 
deformed easily and self-stripping is operated smoothly. 



Comparable example: With the same fixing device described in embodiment 1, the belt is 
removed and the other pressure roller is replaced to form a nip with the fixing roller (roll nip 
method). With this fixing device, the following text explains the relation between self-strippinq 
and load. FK y 

0036 

The pressure roller's diameter is as large as the fixing roller's (50mm). The pressure roller's 
surface is coated with 50 ^m Teflon. Both rollers' surface temperatures are kept at 160t. 
Unfixed toner, in the same condition as described in embodiment 1, is inserted in the roll nip at 
120mm/sec. Table 9 shows the result. Line chart 10 shows the relation between the fixing 
roller's load and the surface deformation. With the roll nip method, self-stripping with 90g/m 2 
weight paper is obtained by a deformation amount of 1.0% towards direction B. With a 
deformation amount of 5%, self-stripping of thin paper (55g/m 3 ) towards direction A (the most 
difficult condition) becomes possible. 
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Line chart 1 1 shows the results of the above experiments compared with the belt nip method of 
this invention. 

0037 

With the belt nip method, the roller is instantaneously deformed near the nip exit. Thanks to this, 
paper's self-stripping can be attained with smaller surface deformation than with using the roll 
nip method. Furthermore, even when the surface deformation is small, the rate of change is 
large. At the interface between the toner and the fixing roller, it is easy to obtain micro slip, 

0038 

With the belt nip method, total load required is only 10—20 kg but the roll nip method requires a 
total load greater than 80kg. In other words, the large amount of load can be reduced with the 
belt nip method. Thanks to this, drive torque of the surface cleaning device can be reduced. 
Lesser load means lesser rollers hardness; therefore, the roller's diameter and the roller's core 
may remain thin. 

0039 

With the conventional roll nip method, both rollers have to be separated in order to prevent the 
fixing roller's deformation when fixing is stopped. With this invention, the device could be 
simplified because there is no need to separate the rollers. The longer roller can also be 
equipped with this invention. 

Generally, the rubber's heat transmitting rate is very low and rubber is suitable as a heat 
resistant material. To keep the temperature of the fixing roller stable, the rubber should rather 
be thin. With the conventional roll nip method, the fixing roller's rubber part must be thick and 
must have limited changing thickness when the wide nip area is used. With the belt nip method 
of this invention, the nip is formed by the belt and there is no need for thick rubber. The rubber 
thickness could be kept to the minimum thickness necessary to obtain deformation for self- 
stripping operation. With the belt nip method, nip width and deformation at the nip part can be 
changed separately. 

0040 

To be more concrete, with the conventional roll nip method, the elastic material's thickness is 
required to reach at least 2 mm, but for better results a 3 mm thickness is required. On the other 
hand, with this invention, the required elastic material's thickness is only 0.5 mm, or 1.0 mm for 
a better result. The remarkable features of this invention are: a controlled temperature with 
stability and a short warm up time. 

With the conventional roll nip method, a separator is installed to prevent paper from twining 
around the pressure roller. With this invention, deformation rate can be enlarged at the paper 
separating point until paper stops to twine around the roller. Both fixing roller and belt do not 
require any separator. Thanks to this, problems with the conventional roll nip method, such as 
roller or belt damaged by the separator, and such as paper spots made by the release agent 
from the separator's edge, are solved. 



EMBODIMENT 2: Formerly, there used to be a scratching problem because of the temperature 
sensor on the roller. This caused a fixing roller's shorter life or an inferior image quality. The 
damage was especially great for the elastic roller, which is coated with elastic material. With this 
invention, shown in diagram 12, the temperature sensor is installed under the belt. The fixing 
roller's temperature in the belt nip area is controlled by the temperature detected through the 
belt. Thanks to this, the problem of scratching by the sensor is solved completely. 

EMBODIMENT 3: When a fixing experiment with this invention's belt nip typed fixing device was 
being studied, a new problem of image defect occurred because of the different amount of load 
from pressure roller. When the load of the pressure roller was increased and surpassed a 
specific amount, image started to be fixed with some overlapping (this does not happen when 
the belt nip method with the hard roller is applied in embodiment 1). Line chart 13 shows the 
result of studying the relation between the overlapping image and the load. 

0041: The elastic roller's surface speed is affected by its deformation amount e . When the 
elastic material's deformation amount e , in the rotating direction, exists, the surface speed Vs 
respects the formula Vs=(1+ * )V. V is the surface speed when c =0. With this invention's belt 
nip method, deformation amount e in the rotating direction exists because of the load from the 
pressure roller at the nip exit area. Speed Vs at this nip exit area is slightly different from the 
speed V ( f ^0) of the nip area formed only with the belt. If the difference of roller's surface 
speed exists in the belt nip area, paper attached on the roller's surface cannot absorb the speed 
difference over a specific amount. This causes the image overlapping. The deformation rate 
which allows interrupted continuous self-stripping and non overlapping image fixing is 0—3.75%. 

Inventors found the following means to solve the overlapping image problem with the hypothesis 
described above. 
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To minimize the image overlapping caused by the speed difference, supporting pressure roller 
29, which is coated with soft elastic material, is installed upstream of the pressure roller in the 
belt circulating direction (shown in diagram 14). To prevent the fixing roller from sliding on the 
belt's surface, supporting pressure roller 29 presses the belt onto the fixing roller's surface from 
under the belt. 

In embodiment 2, an elastic roller is added to the fixing device described in embodiment 1. The 
elastic roller consists of a stainless core (6 mm diameter), which is coated with 6 mm thick Si 
rubber (23° rubber hardness degree / ASKER C typed hardness scale). The elastic roller is 
installed in order to press the fixing roller with 4 kg of load upstream (11 mm apart from the 
pressure roller) in the belt's circulating direction. As shown in table 15, it is possible to increase 
the load by up to 10 kg, by comparison of the load without supporting pressure roller 29. Self- 
stripping capability and fixing capability are also improved. By adopting the supporting pressure 
roller, even if the belt's elastic force is decreased, fixing strength does not change. Thanks to 
this, belt's life duration is long. 
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To solve the problem of belt sliding, inventors studied a belt's stretching method and a roller's 
displacing method. The following are the facts learned from the study. 

Diagram 16 explains the fact learned by the inventors. Diagram 16 shows three rollers used to 
stretch a belt. 

Page 8 

First fact: The belt has to be stretched between at least three rollers. One of the rollers is 
displacement roller 23 and the other two (or more) rollers would be fixed rollers 24 and 25. Belt 
nip is formed very efficiently between fixed rollers. When displacement roller 23 is relocated 
across the axes of fixed rollers 24 and 25, the belt is forced to be twisted. According to this, belt 
is rippled upstream and downstream of displacement roller 23 in the belt's rotating direction. 
However, this ripple is regulated by fixed rollers 24 and 25 installed next to displacement roller 
23. Thanks to parallelism of the two fixed rollers, most ripples on the surface of the belt, 
stretched between two fixed rollers, are prevented and the belt can keep a flat surface. By 
forming the belt nip on this flat surface, belt's ripples, wrinkles and damages are minimized. 
When a copy paper is inserted into this belt nip, paper's wrinkles and image trouble are also 
prevented. 
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Second fact (displacement method of displacement roller's axis): When one end of the paper is 
displaced along an elliptical orbit, which is made by focal points of fixed rollers 24 and 25$ axes 
installed closely at both upstream and downstream sides of the displacement roller, belt stress 
is minimized. According to this, ripples, wrinkles and image trouble are also minimized. The 
displacement device could be small because the energy needed to displace the displacement 
roller is small. After the displacement's axis is relocated along elliptical orbit 30, belt's peripheral 
length does not change from the length effective before the displacement, in other words, belt's 
tension does not change during the interval between after and before the displacement. 



Diagram 17 shows a structure of belt sliding adjustment. When the belt slides to the right or left 
side, it obscures the light from photo sensor 31, which is installed at the belt's side edge, and 
then the belt sliding side is detected. For example in diagram 17, if the photo sensor detects 
that the belt slides towards the front side, signals are sent to pulse motor 32. Pulse motor 32 is 
rotated by a specific length to displace the axis, which is placed in front of the displacement 
roller, in the direction D. Guide 33 is installed to relocate the axes of the displacement roller 
along the ellipse orbit. Then the belt slides towards the other direction from the front side and 
the belt position is adjusted. 

EMBODIMENT 4: Fixing roller 1 (soft roller) consists of a metallic core, which surface is coated 
with elastic material. To be more precise, 46 mm thick (external diameter) and 40mm thick 
(internal diameter) aluminum hollow roller 3 is coated with 2 mm thick HTV silicon rubber 20 
(rubber hardness is 45 degrees). HTV silicon rubber 2Vs surface is top-coated with 50 n m thick 
silicon RTV rubber 21. The surface has a finish close to a mirror surface state. 40 W Halogen 
lamp 5 is installed inside of fixing roller 1 as a heat source. The surface temperature of fixing 
roller 1 is detected by temperature sensor 6 and then kept at 150*0 by temperature controller 
(not shown in the diagram). 
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For the mold releasing agent, amino denatured silicon oil of 300cs oil adhesive power (by Shin- 
Etsu Chemical Co., Ltd), b=0,1 and c=130 (X-21-7763G) is applied evenly from oil applying 
system 9. The amino denatured silicon oil has a functional group of -(CH 2 ) 3 NH 2 . 

Endless belt 15 is made of 75/x m thick polyimide film, with a static friction coefficient of 0.40, 
300 mm wide and 288 mm long. Belt 15 is stretched over four stainless rollers respectively 22 
cm, 20 cm, 20 cm and 18 cm in diameter. Coil spring 26, which is a pressure mean, presses 
18cm diameter roller 25 (pressure roller) towards fixing roller 1's center through the belt, with a 
total load of 25 kg. The pressing angle of fixing roller 1 is 45° . The belt nip is 19.6 mm wide. 
Pressure roller 25 presses the belt nip exit through belt 15', therefore, the elastic material of 
fixing roller 1 is deformed. Drive force from motor 27 is transmitted to fixing roller 1. In 
accordance with fixing roller 1, belt 15 rotates at 200-350 mm/sec in the direction of arrow 28 
shown in the diagram. 



With this fixing device, various A4 sized papers, on which unfixed solid image is copied with 2.5 
mg/cm 3 density color toner, are fixed at speed of 250 mm/sec— 350 mm/sec. 20 continuous 
fixing operations (in order to test the condition where oil supply for each sheet of paper cannot 
keep up with the high speed) are executed with various setting temperatures of 150T;, 165^ or 
180°C. Based on this experiment, image overlapping problems can be studied under the various 
conditions. 
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Table 1 



Fixing speed 



Paper weight 
55g/m 2 < 



64g/m 2 



Both coated side 100g/m 2 



250mm/sec 
300mm/sec 
350mm/sec 



O 

o 
o 



o 
o 
o 



o 
o 
o 



O: no problem 

A: slight overlapping (maximum allowed level) 

X: image overlapping (beyond the maximum allowed level) 

0049 

EMBODIMENT 5: For the release agent, the amino denatured silicon oil (by Shin-Etsu Chemical 
Co., Ltd X-21-7720), which amino group is - (CH^NH (CH 2 ) 2 NH 2 , is set under the same 
condition as in embodiment 4. With these additional conditions, the same experiment as 
embodiment 4 is studied but the result is the same as in embodiment 4. 

EMBODIMENT 6: For the release agent, dymethylpolysiloxane oil (by Shin-Etsu Chemical Co., 
Ltd, KT-96, 360cs), which does not contain the amino group, is set under the same condition as 
embodiment 4 and 5. Image overlapping problem occurs due to high speed in the last half of 
continuous fixing operation as shown in table 2. 
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Table 2 

Fixing speed «ff r > welflh * . , , 

55g/m 2 64g/m 2 Both coated side 100g/m 3 

250mm/sec O O O 

300mm/sec O O O 

350mm/sec AAA 



O: no problem 

A: slight overlapping (maximum allowed level) 

X: image overlapping (beyond the maximum allowed level) 
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EMBODIMENT 7: The amino denatured silicon oil (by Shin-Etsu Chemical Co., Ltd., b=0.1, 
c=130, X-21-7763G), which functional group is - (CH 2 ) 3 NH 2 , is applied as the release agent! 
Additionally static friction coefficient of polyimide endless film is set at 0.5. With these additional 
conditions, the same experiment as embodiment 4 is studied but the result is the same as in 
embodiment 4. 

EMBODIMENT 8: The amino denatured silicon oil (by Shin-Etsu Chemical Co., Ltd X-21-7720), 
which amino group is - (CH 2 ) 3 NH (CH 2 ) 2 NH 2 , is applied as the releasing agent. Additionally 
static friction coefficient of endless belt is set at 0.5, as described in embodiment 7. The same 
experiment as embodiment 7 is studied but the result is the same as in embodiment 7. 

Comparative example 3: Dymethylpolysiloxane oil (by Shin-Etsu Chemical Co., Ltd, KF-96, 
300cs) is applied for the release agent as done with the conventional use and then the same 
experiment as embodiment 7 and 8 is studied. As the result in table 3 shows, image overlapping 
problem occurs more and more frequently at high speeds on the last 15 — 20th sheets of paper 
with continuous fixing operation. The inventors conclude that the result is due to the oil's 
soaking type and affinity against the polyimide film. In other words, amino group has more 
affinity against imide group of polyimide film than methyl group. Even when the applied oil 
becomes insufficient because of the continuous operation, amino group is more adhesive than 
imide group. 

0052 
Table 3 
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Fixing speed Paper weight 

~ " 55g/m 2 64g/m 2 Both coated side 100g/m 2 

250mm/sec O O A 

300mm/sec A A x 

350mm/sec x x x 



O: 

A: 
x : 



no problem 

slight overlapping (maximum allowed level) 

image overlapping (beyond the maximum allowed level) 
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EMBODIMENT 9: The surface static friction coefficient of the endless belt is set to 0.30. But 
besides that, the experiment is studied under the same condition as embodiment 4. For 
detecting the static friction coefficient, surface determination device, HEIDON-14 model by 
Shinkyo Chemical Co., LTD, is used. Moreover, this static friction coefficient (normal force of 
200g) is detected with L paper <64g/m 3 , by Fuji Xerox Co., Ltd). The result is excellent without 
any image overlapping and is better than the result of embodiment 4. The result is shown in 
table 4. 
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Table 4 

Fixing speed Paper weight 

55g/m 3 64g/m a Both coated side 100g/m 2 

250mm/sec O O O 

300mm/sec O O O 

350mm/sec O O O 

O: no problem 

A: slight overlapping (maximum allowed level) 

x: image overlapping (beyond the maximum allowed level) 
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Comparable example: As with embodiment 9, the endless belt's surface static friction coefficient 
is set at 0.30. And dymethylpolysiloxane oil, which does not possess a functional group, is 
applied as a releasing agent. The result of the experiment is shown in table 5. There is a 
tendency of image overlapping problem at high speed continuous operation, but it remains 
under acceptable level. 

0056 
Table 5 

Fixing speed Paper weight 

55g/m a 64g/m* Both coated side 100g/m* 

250mm/sec O O O 

300mm/sec O O O 

350mm/sec O O A 



O: no problem 

A: slight overlapping (maximum allowed level) 

x : image overlapping (beyond the maximum allowed level) 
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Comparable example 5: As with embodiment 6, the endless belt's surface static friction 
coefficient is set at 0.40. For driving the fixing device, the following three methods are studied: 
® Only fixing roller 1 is driven by motor 27 and, according to the fixing drive, other rollers follow. 
(D Roller 22, which stretches the endless belt, is driven by motor 28 (not shown in diagram). 
The endless belt rotates with roller 22. Then the fixing roller is driven in accordance with roller 
22 and the endless belt. 

d) Both methods © and @ above are applied at the same time. 
The result is shown in table 6. 
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Table 6 



\ Driving method (T) Driving the fixing roller 

Fixing \ paper's ^ , a 

Speed \ weight 55g/m 64g/m Both coated side 100g/m' J 

250mm/sec O O O 



o 

A 



Both coated side 100g/m 2 

A 
x 
x 



Both coated side 100g/m a 

O 
A 
x 



x : image overlapping (beyond the maximum allowed level) 
0059 

Driving only the fixing roller is the most effective driving method for avoiding image overlapping 
problem with the fixing device. 

0060 

EFFECT OF THE INVENTION 

With the conventional belt nip typed fixing device, the pressure roller presses the fixing roller 
through the belt at the belt nip area to deform the fixing roller's surface. According to this, paper 
can be separated with a self-stripping method. This invention's fixing device could be applied 
not only to a black and white image fixing device but also to a color image fixing device. 

Problems that occur with the conventional belt nip method, such as belt's ripples, wrinkles and 
damages, are minimized by adopting new methods to stretch the belt and by adopting the 
structure for correcting the belt's slide. Thanks to this, the belt lasts much longer than before. 
Paper's wrinkles and image fixing problem are also prevented. This invention's belt nip typed 
fixing device has better advantages, such as high speed operation, reliable performance and 
excellent image quality, than the roll nip typed fixing device. This fixing device's industrial utility 
value is very high. 

0061 

Furthermore, this invention solves the problem of scratches made by the separator, which 
happen with the conventional belt nip method. Also, high image quality without image 
overlapping is achieved under any condition, such as high speed operation, continuous 
operation and different types of paper. The belt nip typed fixing device of this invention has 
better advantages, such as high speed operation, reliable performance and excellent image 
quality, than the roll nip typed fixing device, which is equipped with 1 1 pairs of rollers. This fixing 
device's industrial utility value is very high. 

BRIEF DESCRIPTION OF DIAGRAMS 

Diagram 1 : Conventional roll nip typed fixing device 

Diagram 2: Conventional belt nip typed fixing device 

Diagram 3: Adhesive power detecting device, which detects toner's adhesive power against the 
fixing roller 

Line chart 4: The result of model experiment to study the difference between using a soft roller 
and a hard roller as the fixing roller 

Diagram 5: Belt nip typed fixing device described in embodiment 1 

Table 6: Self-stripping capability with a soft roller applied to this invention 

Table 7: Self-stripping capability with a conventional hard roller as a comparable example 

Line chart 8: The fixing roller's surface deformation with the belt nip typed fixing device 

described in this invention's embodiment 

Table 9: Self-stripping capability with a conventional belt nip typed fixing device as a 
comparable example 



300mm/sec 
350mm/sec 

\ Driving method 
Fixing \ paper's 
Speed \ weight 
250mm/sec 
300mm/sec 
350mm/sec 

\ Driving method 
Fixing \ paper's 
Speed \ weight 
250mm/sec 
300mm/sec 
350mm/sec 



O 
A 



O 
A 



(D Driving the endless belt 
55g/m a 64g/m' 



A 
x 
x 



A 
X 
X 



(D Driving both rollers 

55g/m a 64g/m 3 

O O 
A A 
x x 



O: no problem 

A: slight overlapping (maximum allowed level) 



Line chart 10: The fixing roller's surface deformation with the conventional roll nip typed fixing 
device as a comparable example 

Line chart 11: Differential of separable deformation amount between this invention's belt nip 
typed fixing device and the conventional roll nip typed fixing device. 
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Diagram 12: This invention's belt nip typed fixing device shown in diagram 5, which equips the 
temperature sensor under the belt 

Table 13: The relation of the pressure roller's load and image overlapping by the belt nip typed 
fixing device shown in diagram 5 

Diagram 14: This invention's belt nip typed fixing device described in embodiment 3 

Table 15: he relation of the pressure roller's load and image overlapping by the belt nip typed 

fixing device shown in diagram 14 

Diagram 16: Belt slide correcting structure equipped in this invention's belt nip typed fixing 
device 

Diagram 17: Close up diagram of belt slide correcting structure used in this invention's belt nip 
typed fixing device 

Diagram 18: This invention's belt nip typed fixing device, where the fixing device is the main 
drive and the endless belt rotates in accordance with the roller 

DESCRIPTION OF NUMBERS 

1 Fixing roller 

2 Pressure roller 

3 Hollow roller 

4 Teflon coat 

5 Halogen lamp 

6 Temperature sensor 

7 Copy paper 

8 Unfixed toner 

9 Oil supplying device 

10 Metal core roller 

1 1 Heat resistant elastic material 

12 Separator 

13, 14 Supporting rollers 

15 Endless belt 

16 Adhesive part of copy paper's back 

17 Load transmitting part 

18 Load exchanger 

19 Recorder 

20 Base coat 

21 Top coat layer 

22, 23, 24 Supporting rollers 

25 Pressure roller 

26 Compressed coil spring 

27 Motor 

29 Supporting pressure roller 

30 Elliptical orbit 

31 Photo sensor 

32 Pulse motor 

33 Guide 
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